In the recent years, irradiation with swift light ions has become an established method in tumour radiotherapy [1] .
While scanned beams of protons and carbon ions are now standard in advanced ion beam radiotherapy sites, there is an increasing interest in additional modalities such as helium and oxygen beams. Helium could turn out as an alternative to protons due to its lower lateral Coulomb scattering. Its lower RBE could be attractive particularly for the treatment of pediatric tumours. On the other end of the LET scale, oxygen is a promising candidate for treatments which require a very high LET, for example hypoxic environments [2, 3] .
A prerequisite for successful treatment is the sufficient knowledge of physical and radiobiological processes down to the microscopic or even nanoscopic scale.
To this end we have performed numerous experiments and calculations to characterize the additional ion modalities on the macroscopic scale in terms of physics as well as radiobiology [4] . Base data sets have been created and implemented in our research treatment planning system TRiP98. These developments for example allow full automatic compensation of the oxygen enhancement ratio associated with hypoxic tumours, a technique for which we have coined the term "kill painting" [5] .
On the other end of the scale, we have enabled our track simulation code TRAX to handle creation, diffusion and recombination of chemical species after ion irradiation. This may eventually shed some light on the processes responsible for the LET effect in overcoming the reduced radiosensitivity in hypoxic microenvironments.
Finally we also report on experiments and simulations aimed at possible local dose enhancements in the presence of metallic nanoparticles [6] .
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